Land cover type is an important signature that is usually used to understand the interaction between the ground surfaces with the local temperature. Various land cover types such as high density built up areas, vegetation, bare land and water bodies are areas where heat signature are measured using remote sensing image. The aim of this study is to analyse the impact of land surface temperature on land cover types. The objectives are 1) to analyse the mean temperature for each land cover types and 2) to analyse the relationship of temperature variation within land cover types: built up area, green area, forest, water bodies and bare land. The method used in this research was supervised classification for land cover map and mono window algorithm for land surface temperature (LST) extraction. The statistical analysis of post hoc Tukey test was used on an image captured on five available images. A pixel-based change detection was applied to the temperature and land cover images. The result of post hoc Tukey test for the images showed that these land cover types: built up-green, built up-forest, built up-water bodies have caused significant difference in the temperature variation. However, built up-bare land did not show significant impact at p<0.05. These findings show that green areas appears to have a lower temperature difference, which is between 2° to 3° Celsius compared to urban areas. The findings also show that the average temperature and the built up percentage has a moderate correlation with R 2 = 0.53. The environmental implications of these interactions can provide some insights for future land use planning in the region.
INTRODUCTION
It is essential to incorporate remote sensed data in the study of urban climate to obtain synoptic view required to understand the interaction between natural processes and human modification of those processes (Stefanov & Brazel, 2007) . The specialty of remote sensing data is its richness of multi temporal spatial information where it yields particular insights towards particular environmental issues. The alteration of the land surface environment by activities such as construction and landscaping has lead to negative consequences to the energy balance in the affected areas.
The canyon geometry, air pollution, buildings and construction materials were hypothesised by Oke (1982) as the causes of UHI due to urbanisation and energy balance changes. This opinion was supported by Stathoupoulou and Cartalis (2007) who further highlighted that different construction materials reduce turbulent heat transfer and long wave radiative heat loss due to street canyon geometry. In addition, they also reduce latent heat loss by evaporation due to the replacement of natural green surfaces with dry surfaces and hence increase anthropogenic heat emissions into the urban atmosphere. UHI varies in line with the urban features, including surface roughness, shape and height of buildings, mean orientation of street canyon, view factors, topographic factors etc. as well as meteorological conditions (Landsberg, 1981; Oke, 1987) . Some studies demonstrated that the UHI effect is always related to population (Oke, 1973) and the size of the urban area (Goggins, 2009; Oke, 1973) . It has also been claimed that the sky view factor also affects UHI intensity (Eliasson, 1990; Giridharan, Ganesan, & Lau, 2004; Yamashita, Sekine, Shoda, Yamashita, & Hara, 1986; Yang, Lau, & Qian, 2010) . Heat island developments are also due to the construction materials of high heat capacity and low solar reflectivity (Voogt & Oke, 2003) . It is important to mitigate anthropogenic heat emission as one of the pillars of UHI countermeasures as recognised by the Inter-Ministry Coordination Committee (2004) .
With the increase of urbanisation, the excess heat from buildings, transportation, industrial and residential areas is trapped and the heat accelerates to higher temperatures in the urbanised areas. In the urban areas, natural land cover of vegetation has been replaced by concrete and asphalt. Saito, Ishihara and Katayama (2000) pointed out that the reduced density of vegetation in the urban environment has worsened the UHI problem. Due to this fact, the anthropogenic activities have changed the energy balance of the environment, whereby these urbanisation activities are able to increase sensible heat instead of latent heat, making the environment hotter. These physical activities are in contrast to activities in the rural areas, whereby the heat from solar radiation is absorbed by the vegetation and ponds by which evapotranspiration results to give a cooling effect in such areas which can help to control the temperature, keeping it lower in the rural areas.
Many studies were done on the object-based approach in order to understand the behaviour of temperatures and land cover (He, Liu et al., 2007; Binyan, Wenjie et al., 2008; Garcia-Cueto & Martinez; 2009) . The data collection used by these researches were in situ measurement and remote sensing imageries. Analysis that were done included the correlation of coefficient between land covers and temperatures (Rajasekar & Weng, 2009; Wen, Hu, & Yang; Xian & Crane, 2006; Xiao et al., 2008; Chen et al.; . Several studies concerning the temperatures of the major roads, observed to be the warmest in the city due to the impervious nature of roads, reduces any likelihood of cooling through evapotranspiration (Weng, 2001 , Xiao et al., 2008 , Hart & Sailor, 2009 . Liu et al. (n.y) observed that the lowest evapotranspiration occurs in developed urban areas and the highest in open water bodies. Nonomura, Kitahara and Masuda (2009) found that one of the causative factors is the expansion of non-vegetated area even without population growth.
Another type of analysis is by analysing point pattern datasets or it can also be called as pixel-based change detection. Point data for remote sensing studies is important to demonstrate the pattern of such scenario to validate ground reading and spectral reflectance measurements for water content of agriculture fields (Jackson et al., 2004) . Mainly, this type of change detection uses several statistical analysis in order to overcome the regression for prediction or comparison between images. One example is a posthoc analysis, which is used to compare mean difference between groups. Several remote sensing studies have used this method (Giraldo, et al., 2009; Jalili, 2013; Baloye & Palamuleni, 2015) . Meanwhile, some other studies used summary statistics such as descriptive, means and variances or more complex summaries of seasonality and environmental variability in order to gather and understand particular subjects (Cringoli et al., 2004) .
In the local context, the earliest studies in this area was done by Sani (1986; 1990; Sani, 1976) . Other researchers had also investigated the growth impact of surface temperature and Urban Heat Island (UHI) (Shaharuddin Ahmad & Noorazuan Md Hashim 2007, Asmala Ahmad & Noorazuan Hashim n.y.) . In other studies, in situ measurement was applied by Kubota and Ossen (n.y.) and Siti Zakiah Mohammed (2004) , climatology study by Wai, Camerlengo et al. (2005) and satellite imageries by Takeuchi and Noorazuan Hashim et al. (2010) . In this research, the land cover mapping of 30 x 30 meter that matched the pixel size of a land surface temperature of 60 x 60 pixels size of five satellite images were applied. This study was aimed at exploring remote sensing data product for each pixel to produce predictions of how the temperature interacts with land cover types in the local setting. The objectives are: 1) to analyse the mean temperature for each land cover types and 2) to analyse the relationship of temperature variation within land cover types: urban area, green area, forest, water bodies and bare land.
METHODOLOGY

Study Area
Eight random samples within Klang Valley area were selected in this study. The areas were selected due to the non-cloudy features at these particular areas. It was also selected by ensuring that the variability in these areas are different in terms of their urban morphology and land use types. This analysis were based on the eight spatial subsets of the Klang Valley area (Figure 1) nd Mar 2006 image with land cover classifications of built up (purple), green (green), forest (dark green), water bodies (blue) and bare land (grey). These sub regions were chosen based on spatial difference between land use types. Each of the sub-region covered a 400 x 400 metres of land cover. Figure 1 . The randomly sampled areas Table 1 shows those selected areas along with their land use types and urban morphology. A spatial analysis was performed to finalise the location of the areas by delineating a polygon on top of the proposed samples. Each polygon was reviewed to ensure that every land cover type was included. It was also crucial to ensure that the delineated polygon areas were cloud free. Each of the pixel will be converted to points to demonstrate the comparison of difference between land cover types. 
LST
Further steps of the analysis was the calculation of land surface temperature by computing: (1) transmittance equation, (2) correction of the spectral emissivity, (3) mean atmospheric temperature and (4) land surface temperature by using the method developed by Qin and Karnieli (2001) . The steps of calculation were discussed in a previous paper (Ibrahim, 2012) .
Land Cover
The land cover map was produced by using the Supervised Classification by the iteration of clustering algorithm. Series of classes were produced to determine the signature of each class so each of the pixels can be compared to these signatures and labelled to most similar values digitally. The calculation will help to identify which cell location is attached to which clusters. The images were categorised into six classes including: (1) Built up areas, (2) Green land, (3) Forest land, (4) Water bodies, (5) Bare land. Originally, the supervised classification was used to classify to fifty clusters, according to the analyst experience in the study area.
The calibration of the land cover and land surface temperature is carried out to ensure that the appropriate accuracy is achieved. Accuracy assessment was critical for a land cover classification to ensure the accurateness of the classification. Overall accuracy and the Kappa statistics were derived from error matrices. Accuracy assessment was carried out for these images and the overall accuracy and overall Kappa coefficient as gathered was: 93.33%, 0. Jan 2009) respectively. This analysis shows that good accuracy of classification was achieved for the land cover classification. The land cover types were divided into five (5) categories of classification: built up areas, green areas, forest areas, water bodies and bare land. To add, greenery areas can also be recognised as agriculture area; including palm oil and paddy fields.
RESULT AND DISCUSSIONS
Descriptive statistical analysis mainly mean temperatures were used to summarise the data, while inferential statistics was used in the form of a one way analysis of variance (ANOVA) to evaluate the effect of land cover types on temperature. The fixed factor for the ANOVA was land cover with five categories: built up, green, forest, water bodies and bare land, while the dependent variable was temperature. The assumption of homogeneity of variance was performed using Levene's Test, while Tukey HSD was used for the pair-wise post hoc test. Firstly, the statistical significance of land cover groups needed to be identified using the ANOVA table formulation for each dataset.
A report for the descriptive analysis was done where pixel for each image was calculated as indicated in Table 2 . It shows that the 2006 image has a higher mean temperature for all land cover types compared to the other images. However, the variation of temperature sets were just about the same. Built up and bare land recorded almost the same mean temperatures and the highest temperature was observed in all the images. A consistent result was found in A-Du, Yun-Hao et al. (2006), Du, Wang et al. (2009) studies where it was observed that the high temperatures were due to commercial and industrial factories. The higher temperature of bare land was also due to the fact that most part of the bare land was comprised of areas where ongoing development was taking place and they had no vegetation cover. The increase of temperatures in built up area was driven by several factors such as human activities. In order to understand the linkage of the average temperature and built up percentage, a correlation coefficient analysis was undertaken on each sample area. This analysis was conducted by calculating each of the built up area in percentage according to the data of sample areas. The results form the analysis clearly revealed that the average temperature and the built up percentage has a moderate correlation of R 2 = 0.53 (Fig. 2) . This analysis has also indicated a positive relationship, whereby the higher the built up percentages, the higher was the average temperature. The result also showed that the average temperature influenced moderate reading, at 0.5304, while the rest (0.47) was due to by many factors that did not entirely correspond to urbanisation. The result also indicated that an increase of 5% in built up areas can increase temperatures to up to 0.4° Celsius.
To achieve second objective, the differences of the built up area with the other land cover types; green area, forest, water bodies and bare land was analysed. The difference between groups was represented in the ANOVA by mean square value between groups, while the variation within each group was represented by mean square value within the group category. There was a significant effect of temperature variation at the p value < .001 level for these particular variables: subjects in the built up area, green, forest and water bodies for all the images. However, all images showed that subjects in bare land was not significant due to p>.05. It is therefore assumed that the homogeneity of variance was met and only Tukey HSD information was presented in the analysis.
The output of post hoc test (Table 3) 
Built up Percentages (%)
Average Temperature vs Built up Percentages
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-B3, 2016 XXIII ISPRS Congress, 12-19 July 2016, Prague, Czech Republic hoc test. The Tukey test showed that the water bodies were more significantly impacted by temperature compared to other pairings. These difference approached statistical significance (p=.000). It can be concluded hence that the differences between condition means of groups were not likely due to chance and it can be due to the independent variable. th Feb 1989 showed the highest difference compared to other images. The difference of urban and other land cover types was calculated; which indicated that built up and water (4.4° Celsius) had the highest difference of mean temperature compared to the other land cover types, whereas built up and green showed the lowest temperature difference (2.5° Celsius).
Further analysis show the mean of temperatures for the 2006 image (Table 4 ). This analysis used this image as it is a better image compared to the others due to the no clouds and good weather with a no amount of rainfall and relatively weak wind by referring to dataset provided by Meteorology Station. This analysis show that Ampang and Kuala Lumpur has the highest mean temperature among others. These areas has a different urban morphology, Ampang is surrounded with a high rise and apartments of the residential areas, while a city centre of Kuala Lumpur is a high rise buildings and densely distributed. The percentage of green are also lower (10 to 20%). The average temperature of Kuala Langat is 31.05 ºC and this area is considered as a rural area as it is still has highly green percentage at 70%, which helps to moderate the temperature. The average temperature of Puchong (30.99 ºC) are almost the same as Kuala Langat as even though it was located in the urban areas but green percentage is 40%. The development of this area is started with mines and by the time goes by, it was converted to residential area and extensive development of housing was occurred in recent years. However, the temperature in Puchong is moderate may be due to the sample area is located near to the forest area, namely as Ayer Hitam Forest Reserve.
It was identified that Cheras (33.63 ºC), Klang (34 ºC) and Subang (34.19 ºC) is having a small differences of mean temperature. However, Cheras is the old residential areas which contain terrace houses with 30 % of green. This is much different compared to land use types of Klang and Subang which is surrounded with high rise buildings and densely distributed. Putrajaya is an ad-hoc project for a newly government administration area is having a considerable mean temperature at 32.21 ºC. It might be due to the existing greenery and waterbodies surrounded by the tall buildings.
CONCLUSIONS
The result of one-way ANOVA indicated significant differences in temperature between built up, green, forest and water-body areas. The post hoc test results also showed that the difference between built up and green are the smallest, whereas the largest gap was found between built up and water bodies. In other words, the study's results revealed a difference of temperature between built up and water bodies (4.4° Celsius) and between built up and green (2.5° Celsius). These findings indicate that water does help to mitigate temperature. It also show that the green area appears to have a lower temperature which was between 2° to 3° Celsius compared to the urban area. A great change in the thermal contrasts had occurred between the different materials on the ground, both terrain and vegetation. This result indicate that there is a need to conduct a further mitigation on urban planning using these land cover types. One possible mitigation is through the maintenance of connectivity using green corridors. The possibilities of restriction of land use conversion in any particular green area can also be adopted in the study area. Another possible mitigation is by adopting water bodies as a mechanism to moderate the temperature in the urban area. Hence, it is important that water bodies are preserved to not only benefit the communities that live in the city, but with the availability of water bodies, parks and trees can be planted as recreational areas which can also help to reduce the surrounding temperature. 
